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INTRODUCTION 
Recent investigations have demonstrated a local effect of the uterus 
on luteal function in several domestic and laboratory animals. In the 
pregnant pig du Mesnil du Buisson (1961a), Rathmacher and Anderson (1963) 
and Anderson et al. (1966b) have demonstrated that the presence of a non-
gravid uterine horn results in ipsilateral regression of corpora lutea. 
In the Canadian porcupine unilateral luteal regression of accessory 
corpora lutea occurred during pregnancy (Mossman and Judas, 1949). Uni­
lateral luteal regression in the unilaterally pregnant rabbit is not 
mentioned in the literature but Courrier and Kehl (1930), Knaus (1930) 
and Deanesly and Parkes (1931) observed degenerative changes in the 
endometrium after midterm. Investigations have indicated that the 
uterine luteolytic action is mediated locally but little is known about 
the route or mechanism of action or its chemical nature. 
The primary objective of the experiments in the pig was to ascertain 
whether blood flow in the ovary is related to the initiation of luteal 
regression. The secondary objective was to obtain estimates of blood 
flow in other endocrine and related organs. 
The primary objective of the experiments in the rabbit with one 
gravid horn was to demonstrate a unilateral effect of the nongravid 
uterine horn on the ipsilateral ovary as measured by differences in 
weight, blood flow and progestin levels in the ovaries and corpora lutea. 
The secondary objective was to Investigate throughout pregnancy general 
changes in progestin levels and blood flow in the ovary and corpora 
lutea. 
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REVIEW OF LITERATURE 
Recent reviews on pituitary-ovarian-uterine relationships include 
Bland and Donovan (1966), Rothchild (1965), Anderson et^ ad. (1964), Short 
(1964), Anderson and Melampy (1964) and Anderson et a]., (1963). This re­
view will pertain to the local effect of the uterus on luteal function 
and observations on the nongravid uterine horn during unilateral preg­
nancy. 
During a unilateral pregnancy in the pig the presence of a nongravid 
uterine horn resulted in ipsilateral regression of corpora lutea (du Mesnil 
du Buisson, 1961a; Rathmacher and Anderson, 1963). In unilaterally hys­
terectomized pigs corpora lutea persisted in both ovaries during uni­
lateral pregnancy. Anderson et al. (1966b) demonstrated that unilateral 
regression of corpora lutea in pigs with one nongravid uterine horn was 
evident by day 16 of pregnancy (day of estrus was designated day 1) as 
measured by corpora lutea weight and luteal progesterone concentration. 
Estrous cycles were inhibited in the pig when less than one-fourth of a 
uterine horn remained (du Mesnil du Buisson, 1961b). The corpora lutea, 
however, regressed ipsilateral to the conserved uterine fragment, and 
they remained functional in the contralateral ovary. If only a small 
medial or cervical portion of one uterine horn remained ^  situ, there 
was a reduction in the occurrence of unilateral luteal regression. Duncan 
et al. (1961) reported that endometrial filtrates from days 12 and 13 of 
the estrous cycle increased in vitro progesterone synthesis by porcine 
luteal tissue, whereas filtrates from days 16 and 18 inhibited hormone 
production. 
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Moor and Rowson (1966b) have demonstrated a local maintenance of the 
corpus luteum in ewes with embryos transferred to various isolated portions 
of the uterus. Five to nine day old embryos were transferred to the iso­
lated uterine horn of acceptor ewes. If the isolated horn was ipsilateral 
to the ovary with the corpus luteum, the corpus luteum was maintained; 
if the isolated horn was contralateral, the corpus luteum regressed. Moor 
and Rowson (1966a, 1966c) previously reported that embryos transferred to 
donor ewes before day 12 of the estrous cycle resulted in a lengthening 
of the cycle. 
Ginther et al. (1966) demonstrated that the effect of oxytocin in 
reducing the duration of the estrous cycle of the heifer (Armstrong and 
Hansel, 1959) was mediated by a local effect on the corpus luteum. When 
the retained uterine horn in unilaterally hysterectomized heifers was 
ipsilateral to the ovary with the corpus luteum, oxytocin shortened the 
estrous cycle when compared with similar heifers which did not receive 
oxytocin. However, when the retained uterine horn was contralateral to 
the ovary with the corpus luteum, the heifers did not return to estrus 
by the time of slaughter on day 26. Similar untreated heifers failed 
to exhibit estrus by day 26; marked corpora lutea were present in oxy­
tocin treated and untreated animals. 
In the sheep Moor and Rowson (1966d) have reported a local effect 
of the uterus on luteal function during the estrous cycle. The ovary 
without the functional corpus luteum was removed in 52 ewes. One group 
received no further treatment while in two other groups one uterine horn 
was removed either ipsilateral or contralateral to the functional corpus 
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luteum. Removal of the ovary without the functional corpus luteum or the 
uterine horn contralateral to the functional corpus luteum had no effect 
on subsequent estrous cycles. Removal of the uterine horn ipsilateral 
to the functional corpus luteum, however, resulted in lengthened estrous 
cycles in 71 percent of the postoperative cycles, clearly demonstrating 
a local effect of the uterus on luteal function. Inskeep and Butcher 
(1966), who obtained similar results, found a slight increase in the 
number of prolonged cycles in ewes with a retracted horn. Ewes were 
unilaterally hysterectomized and ovariectomized. The uterine horn ipsi­
lateral to the corpus luteum was retracted by cutting the uterine vessels 
near the ovary. Prolonged cycles were observed in 4 of 6 animals. Sim­
ilar results were observed when the vessels were ligated (3 of 6 animals). 
Fischer (1965) and Bland and Donovan (1965) have reported a local 
uterine effect in the nonpregnant guinea pig. Fischer hemihysterectomized 
guinea pigs and then removed either the ipsilateral or contralateral ovary. 
Those castrated ipsilateral showed estrous cycles of the normal 16-day 
length, while cycles of those contralaterally ovariectomized were about 
twice as long. Hemihysterectomy alone resulted in lengthened estrous 
cycles, but the corpora lutea maintained on the operated side and regressed 
on the unoperated side. Between days 1 and 3 of the estrous cycle Bland 
and Donovan placed two glass beads in one uterine horn of the guinea pig. 
Significantly smaller corpora lutea were present in the ovary ipsilateral 
to the uterine horn containing the glass beads 10 to 14 days after the 
beginning of estrus. 
In the rat Anderson et al. (1966a) have observed that pseudopregnancy 
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was lengthened following unilateral hysterectomy if the ovary was removed 
on the unoperated side and reduced if removed on the operated side. 
A local effect of the nongravid horn also was indicated in the preg­
nant Canadian porcupine (Mossman and Judas, 1949). The uniparous Can­
adian porcupine has a bicornuate uterus. Following estrus many accessory 
corpora lutea were found in both ovaries. During the course of pregnancy 
the accessory corpora lutea regressed in the ovary contralateral to the 
gravid horn but remained functional in the ovary with the primary corpus 
luteum. 
In the unilaterally pregnant rabbit (Courrier and Kehl, 1930; Knaus, 
1930; Deanesly and Parkes, 1931) the progestational condition of the non­
gravid horn persisted until midterm (16th day). Thereafter degenerative 
changes were evident. The stroma layer became more compact, the glands 
shrunk and the endometrium began to slough (about 26 days). On the 28th 
day regeneration of the endometrium began in preparation for the next 
estrus. The vascularity of corpora lutea appeared to change after mid­
term. They became pale and partially collapsed. Courrier and Kehl found 
that deciduomata could be induced in the nongravid horn at 5, 6 and 8 days 
of unilateral pregnancy, but no response was obtained at 12, 15 and 20 
days. 
Deanesly and Parkes (1931) found that the nongravid horn in the 
mouse underwent the same development until day 10 as in pseudopregnancy. 
After day 10 there was a period of rapid development characterized by an 
increased number and dilation of glands. The corpora lutea also underwent 
a period of rapid growth between days 10 and 13. In the rat and guinea 
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pig no distinguishable changes were observed other than those which 
occurred during a normal pseudopregnancy. However, Allen (1931) found 
in the unilaterally pregnant rat that in the nongravid horn the glandular 
hyperplasia of early pregnancy retrogressed during the later stages and 
the stroma became edematous. After day 7 of pregnancy deciduoma formation 
cannot be induced by mechanical stimulation. In the pregnant cat having 
one gravid and one nongravid uterine horn. Gros (1935) indicated that 
some degenerative changes occurred in the nongravid horn after day 40 
(23 days before term), but regression to the nonpregnant state was not 
complete until after parturition. In the unilaterally pregnant rat kan­
garoo (Flynn, 1930) both uterine horns underwent identical changes until 
midterm. Thereafter degenerative changes occurred in the nongravid horn. 
The horn shrunk slightly, glandular secretion decreased gradually, leu­
kocytic infiltration occurred into the mucosa, epithelium sloughed and 
the stroma became more compact. Degenerative changes in the nongravid 
horn in unilaterally pregnant animals could be correlated with corpora 
lutea function. 
A local effect of the ovary was indicated in the giant fruit-bat 
(Marshall, 1949; Marshall, 1953). Immediately following ovulation in 
this bicornuate, uniparous bat the endometrial glands adjacent to the 
ovulating ovary became strikingly modified. The opposite horn remained 
comparatively inactive. Glandular activity and implantation occurred 
only at the extreme anterior end of the horn. 
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PART I. BLOOD FLOW AND RELATIONSHIP TO OVARIAN FUNCTION IN PIGS 
8 
EXPERIMENTAL PROCEDURE 
Blood Flow in Immature Pigs 
In the first experiment 20 male and female crossbred pigs (19-55 kg.) 
were used to determine the validity of the radioisotope Rb^^Cl as an in­
dicator for determining blood flow in different organs (Sapirstein, 1958). 
Isotopic rubidium was obtained from Oak Ridge National Laboratories. 
Aliquots of the Rb^^Cl were dried and dissolved in 0.85 percent saline. 
The pigs were operated on under closed-circuit anesthesia (halothane 
and oxygen). Between 2 to 4 ml. of a saline solution of Rb^^ was injected 
(2.2 yic. of Rb^^/kg. of body weight) into the femoral vein (injection time 
about 1 sec.) with a 5 ml. syringe fitted with a 20 gauge needle. Si­
multaneously, for cardiac output determination, blood samples were col­
lected at 2 sec. intervals from the opposite femoral artery. Blood was 
collected into a continuous sample collector (Rothe and Sapirstein, 1954) 
through a 54.5 cm. length of vinyl tube (0.15 cm. i.d.) fitted with a 14 
gauge needle (3.8 cm.). 
Animals were electrocuted (110-115 volts, 60 cycle, for 20 sec.) at 
intervals of 30, 60, 120 and 180 sec. following injection of the indicator. 
Five animals (2 males and 3 females) were killed at each time interval. 
They were allotted to killing times at random. Samples of organs (1-2 
gm. about 3 mm. thickness) were weighed, dried (100 C for 12-20 hours) 
and counted on aluminum planchets with a gas-flow proportional counter 
(Picker X-Ray Corporation). Kidney slices of varying thickness (1, 3 and 
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5 I r a n . )  were dried and counted to determine self-absorption. All sample 
counts were corrected for self-absorption at 3 mm. thickness. Blood 
samples (0.2 ml.) were dried and counted in aluminum planchets. Cardiac 
output was calculated by the procedure of Lewis (1953). The data were 
analyzed by analysis of variance; group means were compared by Duncan's 
5 percent multiple-range test (Duncan, 1955). 
In a second experiment 5 crossbred female pigs (35-56 kg.) were used 
to study blood flow in corpora lutea. Ovulation was induced by injection 
of PMS sc for 3 days (1000 I.U./day) followed by 1000 I.U. of HCG im on 
the sixth day. Operations were performed under general anesthesia (sodium 
thiopental) 10-12 days after HCG injection. The techniques were 
similar to those used in the first experiment except that one ovary was 
removed 30 sec. after the injection of the indicator and the remaining 
ovary was removed at 90 sec. A portion of the uterus was removed at 120 
sec. Blood samples were collected at 1 sec. intervals. Samples of blood 
and organs were counted in a gamma-well scintillation counter (Packard 
Instrument Company, Inc.). The differences between paired observations 
were analyzed using a t-test. 
Blood Flow in Mature Pigs 
Thirty-one crossbred female pigs (96-144 kg.) were used to inves­
tigate blood flow primarily in the reproductive organs during different 
reproductive states and secondarily in other organs of the body. Three 
reproductive states were investigated: estrous cycle, bilateral preg­
nancy and unilateral pregnancy (anterior half of one uterine horn nongravid). 
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Observations were made at 10, 12, 14 and 16 days after estrus. The first 
day of estrus was designated day 0. Tlie animals were randomly allotted 
to the experimental groups one estrous cycle prior to placement on treat­
ment. Tlie posterior half of the right uterine horn was removed one estrous 
cycle before mating in those animals that were to become unilaterally preg­
nant . 
The blood flow techniques used were similar to those already described. 
Operations were performed under general anesthesia (sodium thiopental). A 
solution of Rb^^Cl (1-4 ml.) containing approximately 300 ^ ic. was injected 
(injection time about 1 sec.) into the femoral vein. Blood samples were 
collected at 1 sec. intervals from the contralateral femoral artery. The 
animals were killed by electrocution 90 sec. after the injection of the 
indicator. Tliey were suspended vertically and bled via the anterior vena 
cava. The reproductive tract was removed 5-10 min. after the animal was 
killed. The ovaries were removed immediately, placed on ice and stored 
(-18 C) for 10-15 min. Duplicate samples of luteal tissue (400-500 mg.) 
were obtained from each ovary for progesterone analysis and stored in 95 
percent ethanol (-18 C). Duplicate samples of luteal tissue and of the 
ovaries minus luteal tissue were prepared for counting. After weighing, 
duplicate samples (2-4 gm.) of other organs were counted, except only 
one sample from the pituitary or adrenal glands. 
All tissue and blood samples were counted in a gamma-well scintil­
lation counter (Packard Instrument Co., Inc.). A standard solution of 
Rb^^Cl was counted for calculation of the relative activity. 
The procedure for progesterone analysis has been described previously 
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(Masuda et al., 1967). Before extraction 0.043 yuc., equivalent to 0.0013 
3 
yag. of progesterone-7oi, H ,was added to each sample for estimation of 
procedural losses. Recovery for 122 determinations was 84.8 + 0.6 per­
cent (mean and standard error). All progesterone values reported were 
corrected for recovery. 
The blood flow data on the reproductive organs were analyzed by the 
method of fitting constants. An incompletely specified model was assumed. 
If interaction was present (P^O.25), the method of weighted squares of 
means was used to test main effects. Treatment means were compared by 
planned comparisons. Data on organs other than reproductive organs were 
analyzed by the method of unweighted squares of means. The levels of 
statistical significance for all experiments are expressed as either sig­
nificant (P/.0.05) or highly significant (P<.0.01). 
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RESULTS AND DISCUSSION 
The average value for cardiac output in 10 immature pigs weighing 
33.3 + 3.2 kg. was 5.09 + 0.48 l./min. or 156 + 10 ml./min./kg. of body 
weight (mean and standard error). Stone and Sawyer (1966) have reported 
values of 5.34 l./min. or 142 ml./min./kg, of body weight in unanesthe-
tized miniature pigs weighing an average of 38.1 kg. In their experiments 
cardiac output was determined with electromagnetic flow sensors placed 
around the ascending aorta. Attinger and Cahill (1960) using a dye-
dilution technique and Stowe and Good (1961) using the direct Fick pro­
cedure reported lower values in anesthetized pigs. 
Since body weight was positively correlated with cardiac output 
(r=0.70, P 40.025), an estimate of cardiac output for each of the 20 im­
mature pigs was obtained by multiplying the average flow rate of 156 ml./ 
min./kg. by the body weight of the animal. The estimate of cardiac out­
put for each animal was multiplied by the relative radioactivity of the 
various organs to obtain estimates of organ blood flow (ml./min./gm.). 
The data for organ blood flow are presented in Table 1. 
According to Sapirstein (1958) if an organ accumulated indicator, 
the blood flow will be overestimated in that organ; if an organ released 
the indicator, the blood flow will be underestimated. In the lungs and 
uterine horns (Table 1) the significant decrease in estimated blood flow 
suggested that these organs are releasing the indicator. Conversely, the 
increase in estimated blood flow in the kidneys indicated that they are 
accumulating the indicator. The decrease and eventual increase in esti-
Table 1. Blood flow in various organs of the immature pig at different times after injection of 
radioactive indicator 
Semimembranosus 
Time Kidneys Heart Lungs Spleen Liver muscle 
sec. 
30 1.70* 0.85* 1.22* 0.38* 0.47* 0.02* 
60 2.13* 1.06* 0.80^ 0.37* 0,39* 0.04* 
120 2.83^ 0,86* 0.55^ 0.35* 0.35* 0.03* 
180 2,72^ 0.85* 0.48^ 0.31* 0.41* 0.05* 
Table 1. (Continued) 
Uterine Uterine Uterine 
Tongue Adrenals Testicles Ovaries horns body cervix 
0.17* 0.96* 0.06* 0.26* 0.83* 0.59* 0.09* 
0.13^'C 0.70* 0.07* 0.29* 0.43^ 0.33* 0.17* 
0.11® 0.83* 0.08* 0.35* 0.36^ 0.31* 0.14* 
0.14^ 0.85* 0.13* 0.28* 0.28^ 0.26* 0.12* 
All values as ml„/min./gm. of tissue. 
Each value represents the average of 5 animals, except for male organ (2) and female organs (3). 
In each column values not having the same superscripts are significantly different. 
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mated blood flow in the tongue are of doubtful physiological significance. 
The constancy of blood flow in the other organs indicated that this tech­
nique is suitable for estimating blood flow in these organs. 
Further evidence for the validity of this technique in the ovary was 
provided by blood flow values for the corpora lutea and ovaries minus the 
corpora lutea obtained from 4 of 5 pigs in which ovulation was induced 
with exogenous gonadotropins (Table 2). There were no significant dif­
ferences in blood flow in the corpora lutea or ovary. The apparent dif­
ference in blood flow in the corpora lutea at 30 sec. was due to a very 
Table 2. Blood flow in reproductive organs of the immature pig following 
induced ovulation 
Time, sec. 
Tissue 30 90 ' Ï2Ô 
Corpora lutea 1.08 0.77 
Ovary minus corpora lutea 0.46 0.33 ---
Uterine horns --- 0.32 
Each value represents the average of 4 pigs. 
All values expressed as ml./min./gm. of tissue. 
high value obtained in one pig. The blood flow to the uterine horns was 
similar to that obtained in the first experiment at 120 sec. after in­
jection (Table 1). Cardiac output for the 4 pigs averaged 5.17 l./min. 
Table 3. Blood flow in various 'organs of the mature pig 
Organ Observations Weight of organ Blood flow Percent of 
cardiac output 
no. gm. ml./min./gm. 
Lungs 30 667 + 21® 0.72 + 0.03* 4.8 
Heart 30 339 + 8 1.24 + 0.05 4.2 
Left kidney 30 173 + 5 3.26 + 0.09 5.6 
Right kidney 30 174 + 5 3.26 + 0.08 5.6 
Liver 30 1737 + 52 0.47 + 0.02 8.1 
Spleen 30 221 + 10 0.46 + 0.01 1.0 
Pancreas 29 141 + 5 0.56 + 0.03 0.8 
Tongue 29 250 + 6 0.17 + 0.01 0.4 
Semimembranosus muscle 30 — 0.03 + 0.006 - - -
Uterus 18 515 + 18 0.33 + 0.03 1.7 
Ovary 27 8.38 + 0.41 0.53 + 0.02 0.044 
Thyroid 30 10.08 + 0.42 0.27 + 0.01 0.027 
Left adrenal 30 2.68 + 0.09 0.97 + 0.06 0.026 
Right adrenal 30 2.69 + 0.09 0.97 + 0,04 0.026 
Posterior lobe of pituitary 29 0.067+ 0.003 3.19 + 0.07 0.002 
Anterior lobe of pituitary 29 0.229+ 0.005 0.83 + 0.03 0.002 
^Mean and standard error. 
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(range 4.38-5.56). 
These preliminary experiments indicated that the technique of Sapir-
stein (1958) could be used to study blood flow in the ovaries and corpora 
during different reproductive states. The mature pigs in the final ex­
periment were electrocuted at 90 sec. after the injection of the radio­
isotope to allow the indicator to reach equilibrium in the kidneys, lungs 
and uterine horns and to allow time for collection of blood samples for 
cardiac output determination in each animal. Cardiac output for 30 pigs 
(116.6 + 2.3 kg.) was 10.12 + 0.35 l./min. or 87.4 + 3.0 ml;/rain./kg. 
body weight (mean and standard error). Cardiac output for each animal 
was multiplied by the relative activity of each organ in the same animal 
to obtain estimates of blood flow. Blood flow values for different organs 
are presented in Table 3. Analysis of blood flow in the endocrine organs 
indicated no significant differences, except in the corpora lutea, due 
to the estrous cycle, bilateral pregnancy or unilateral pregnancy. In 
Table 4 blood flow in different organs is compared with values obtained 
Table 4. Comparison of blood flow values in the pig and dog 
Pig Dog^ 
Organ Cardiac output Organ - . . Cardiac output Organ 
% ml./min./gm. % ml./min./gm 
Lungs 4.8 0.72 4.3 — — — 
Heart 4.2 1.24 5.2 1.0 
Kidneys 11.2 3.26 11.1 3.0 
Liver 8.1 0.47 10.0 0.4 
Spleen 1.0 0.46 1.3 0.6 
Pancreas 0.8 0.56 1.6 1.0 
^Values from Sapirstein (1958). 
Table 5. Luteal progesterone concentration in the left and right ovaries during different 
reproductive states in the pig 
Days after estrus 
Reproductive 10 12 14 16 
Left Right Left Right Left Right Left Right 
Estrous cycle 42 (2)t 41 (2)^ 46 (2)^ 41 (2)b 45 (2)t 47 (2)t 6 (3)^' ^ 5 ( 3)b,c 
Bilateral 47 (2) 43 (2) 51 (2) 53 (2) 56 (2) 53 (2) 52 (3) 52 (3) 
pregnancy 
Unilateral 40 (2) 46 (2) 43 (2) 52 (2) 53 (1). 50 (1). 67 (l)f <•1 (l)b 
pregnancy 42 (2)C 37 (2) 61 (2)c 66 (2)c 
<1 (1) 8 (1) 
^Progesterone concentrations expressed as ^ g./gm. of luteal tissue. 
^Numbers in parentheses represent the number of animals. 
^Corpora lutea failing in both ovaries. 
^Corpora lutea failing on the side of the nongravid uterine horn. 
^Degenerating blastocysts or abnormal embryos present. 
f Corpora lutea functional in both ovaries. 
Table 6. Mean weights of corpora lutea in the left and right ovaries during different reproductive 
states in the pig 
Days after estrus 
Reproductive 10 12 14 16 
ef-flf-p '• —' ^ - ' ' " •" 
Left Right Left Right Left Right Left Right 
Estrous cycle 598 (2)^ 713 (2)^ 454 (2)^ 495 (2)^ 496 (2)^ 629 (2)^ 204 199 (3) t '=  
Bilateral 473 (2) 494 (2) 417 (2) 457 (2) 587 (2) 567 (2) 444 (3) 431 (3) 
pregnancy 
Unilateral 
pregnancy 
495 (2) 554 (2) 601 (2)  649 (2) 461 
526 
378 
490 
472 
486 
130 <1 
210 
425 
117 
g' 
^Weight of corpora lutea in milligrams• 
^Numbers in parentheses represent the number of animals. 
^Corpora lutea failing in both ovaries. 
^Corpora lutea failing on the side of the nongravid uterine horn, 
^Degenerating blastocysts or abnormal embryos present. 
^Corpora lutea functional in both ovaries. 
Table 7. Mean blood flow in corpora lutea from the left and right ovaries during different 
reproductive states in the pig 
Days after estrus 
Reproductive 10 12 14 16 
state 
Left Right Left Right Left Right Left Right 
Estrous cycle 0.9 (2)k 1.0 (2)^ 1.2 (2)^ 1.1 (2)^ 1.2 (2)^ 1.1 (2)^ 0.9 (3)^'C 0.9 (3)t'= 
Bilateral 
pregnancy 
1.3 (2) 1.4 (2) 1.0 (2) 1.0 (2) 1.1 (2) 1.1 (2) 0.9 (3) 1.0 (3) 
Unilateral 
pregnancy 
0.9 (2) 1.0 (2) 1.1 (2) 1.0 (2) 0.8 
0.9 
1.1 
1.1 
0.8 
0.8 
0.4 <i|: 
1.0 
0.9 
0.3 1# 
^Blood flow expressed as ml./tnin./gm. 
^Numbers in parentheses represent the number of animals. 
*^Corpora lutea failing in both ovaries. 
*^Corpora lutea failing on the side of the nongravid uterine horn. 
Regenerating blastocysts or abnormal embryos present. 
^Corpora lutea functional in both ovaries. 
Table 8. Mean blood flo\f in the left and right ovaries minus corpora lutea during different 
reproductive states in the pig 
Days after estrus 
Reproductive 10 12 14 16 
state 
Left Right Left Right Left Right Left Right 
Estrous cycle 0.3 (2)b 0.3 (2)t 0.4 (2)t 0.4 (2)t 0.3 (2)^ 0.3 (2)^ 
CO o
 (3)t'C 0.3 (3)b,c 
Bilateral 0.4 (2) 0.4 (2) 0.3 (2) 0.3 (2) 0.3 (2) 0.3 (2) 
CV
) o
 (3) 0.2 (3) 
pregnancy 
Unilateral 0.2 (2) 0.2 (2) 0.3 (2) 0.3 (2) 0.2 (1). 0.2 (1). 0.3 (l)f 0.2 (l)f 
pregnancy 0.3 (1) 0.3 (1) 0.2 0.3 (2)f 
0.1 (1) 0.1 (1) 
^Blood floif expressed as ml./min./gm, of ovary. 
^Numbers in parentheses represent the number of animais» 
*^Corpora lutea failing in both ovaries. 
^Corpora lutea failing on the side of the nongravid uterine horn. 
^Degenerating blastocysts or abnormal embryos present. 
^Corpora lutea functional in both ovaries. 
Table 9. Mean blood flow in the left and right uterine horns during different reproductive 
states in the pig 
Days after estrus 
10 12 14 ^ 
Left Right Left Right Left Right Left Right 
Estrous cycle 0.2 (2)t 0.2 (2)^ 0.3 (2)^ 0.3 (2)h 0.3 (2)b 0.3 (2)t 0.4 (3)^'C 0.4 (3)t'C 
Bilateral 
pregnancy 
0.3 (2) 0.3 (2) 0.3 (2) 0.3 (2) 0.4 (2) 0.4 (2) 0.4 (3) 0.3 (3) 
Unilateral 
pregnancy 
0.3 (2) 0,3 (2) 0.4 (2) 0.3 (2) 0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 ill: 
0.4 
0.5 
0.5 iii: 
^Blood flo%'7 expressed as ml./min./gm. of uterine tissue, 
^Numbers in parentheses represent the number of animals, 
'^Corpora lutea failing in both ovaries, 
^Corpora lutea failing on the side of the nongravid uterine horn. 
^Degenerating blastocysts or abnormal embryos present. 
^Corpora lutea functional in both ovaries. 
Figure 1. Blood flow in an individual corpus luteum from the left and right 
ovaries of the pig during different reproductive states 
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in dogs using the indicator K (Sapirstein, 1958). These comparative 
values were similar for these two species. However, the blood flow rate 
in the pancreas of the dog was about twice that of the pig. Blood flow 
values may be underestimated for the lungs and uterus and overestimated 
for the kidneys as was indicated by preliminary experiments in the im­
mature pig. Goldman and Sapirstein (1958) indicated that blood flow 
in the neurohypophysis of the rat was 3.6 ml./min./gm. and 0.59 ml./min./ 
gm. in the adenohypophysis. Blood flow in the adenohypophysis of the rat 
was a low estimate because it flows through capillary beds in the median 
eminence before reaching the adenohypophysis. In the pig a major portion 
of the blood supply to the adenohypophysis is via a portal vascular sys­
tem. Therefore, blood flow in the adenohypophysis would be underestimated. 
During the estrous cycle luteal progesterone concentration and cor­
pora lutea weight decreased sharply at day 16 (Tables 5 and 6), similar 
results were reported by Duncan et al. (1960) and Masuda £t al. (1967). 
Luteal progesterone concentration and corpora lutea weight were similar 
from days 10 to 16 in bilaterally pregnant animals and were similar from 
days 10 to 14 in unilaterally pregnant animals. In one unilaterally 
pregnant animal, however, these parameters decreased at day 16 in the 
ovary ipsilateral to the anterior half of the nongravid horn. No decline 
in luteal progesterone concentration or luteal weight occurred at day 16 
in two other unilaterally pregnant animals. Anderson e^ al. (1966b) re­
ported that unilateral regression of corpora lutea in unilaterally preg­
nant pigs was evident at day 16 in the ovary ipsilateral to the nongravid 
uterine horn. 
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Blood flow in the reproductive organs of the pig was evaluated sta­
tistically in 27 of 31 animals. Four animals were eliminated because of 
endometritis, failure of ovulation in one ovary, absence of blastocysts 
16 days after breeding, or failure to inject all of the radioactive in­
dicator into the blood stream. Blood flow per gram of tissue in corpora 
lutea was similar between days 10 and 16 in pregnant and nonpregnant 
animals (Table 7). However, there was a significant difference in blood 
flow per gram of tissue in corpora lutea from the left and right ovaries 
during different reproductive states. Comparison of the estrous cycle 
to bilateral pregnancy indicated that blood flow per gram of tissue in 
corpora lutea from the left and right ovaries was similar between days 
10 and 16. Comparison of unilateral pregnancy to bilateral pregnancy 
and the estrous cycle indicated a highly significant decrease in the 
blood flow rate in the corpora lutea ipsilateral to the gravid uterine 
horn in unilaterally pregnant pigs. This decrease was particularly evi­
dent at days 14 and 16 of pregnancy. However, blood flow in an indi­
vidual corpus luteum was similar in the corpora lutea in the left and 
right ovaries of unilaterally pregnant animals. There was a highly sig­
nificant decrease in blood flow per corpus luteum at day 16 in pregnant 
and nonpregnant animals (Figure 1). There was no evidence of a decline 
in blood flow per corpus luteum before day 14. Blood flow in the ovaries 
minus the corpora lutea and in the uterus was similar between days 10 
and 16 (Tables 7 and 8). 
The results indicated that blood flow in the corpus luteum did not 
increase before luteolysis was evident (decreased corpus luteum weight 
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and decreased luteal progesterone concentration). During the estrous 
cycle, blood flow in the corpus luteum per unit of tissue does not de­
crease until after day 16. In only one nonpregnant pig (Table 7) which 
was partially hysterectomized was there a decrease in blood flow per 
unit of luteal tissue. Average corpora lutea weight was less than ob­
served in animals at day 16 of the estrous cycle (Table 6). In the pig 
Anderson (1926) indicated that as the corpus luteum regressed, the lym­
phatics were the first structures to disappear; they were not observed 
later than day 16 or 17 after ovulation. The capillaries and venules 
disappeared next, leaving the arterioles in a shrunken and distorted 
state. Studies in sheep (Deane et al., 1966) indicated that secretory 
activity in the corpus luteum of the sheep usually does not decline 
until day 15. However, changes in size and density of the mito­
chondria in the lutein cells, which might be associated with luteal re­
gression, were seen on day 12 or 13 of the estrous cycle. In the present 
investigations no explanation can be given for the significant decrease 
in blood flow per corpus luteum at day 16 in pregnant and nonpregnant 
animals. 
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SUMMARY 
In these investigations organ blood flow and cardiac output were 
determined using the radioisotope Rb^^Cl. Progesterone was chemically 
determined using ultraviolet spectrophotiometry. Preliminary investi­
gations in the immature pig indicated that the radioisotope technique 
was applicable to the study of organ blood flow in the pig. The re­
lationship of blood flow in the reproductive organs to luteal function 
was investigated during the estrous cycle, bilateral pregnancy and uni­
lateral pregnancy. Observations were made at days 10, 12, 14 and 16 
of the estrous cycle (day of estrus designated day 0). The results in­
dicated that the blood flow rate in the corpora lutea did not decrease 
before or during the time that luteal progesterone concentration and 
corpora lutea weight were decreasing (day 16). Furthermore, blood flow 
per corpus luteum was lower at day 16 in pregnant and nonpregnant an­
imals than at days 10, 12 and 14. Blood flow in the ovary minus the 
corpora lutea and in the uterus was similar between days 10 and 15. 
Blood flow values in other organs of the pig are presented. 
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PART II. UNILATERAL PREGNANCY ARID RELATIONSHIP TO BLOOD FLOW AND 
PROGESTIN LEVELS OF THE OVARIES OF THE RABBIT 
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EXPERIMENTAL PROCEDURE 
Seventy-one white New Zealand rabbits (3.0-4.5 kg.) were used to 
evaluate the Rb^^ technique for determining ovarian blood flow (Sapir-
stein, 1958). Progesterone and 20oc,-hydroxypregn-4-en-3-one concentra­
tions were determined in corpora lutea, ovary minus corpora lutea and 
ovarian venous blood. 
Fourteen rabbits were used in preliminary work to perfect injection 
techniques and blood collection techniques for cardiac output deter­
minations with Rb^^. Cardiac output determinations were made in 8 of 
these animals. 
In the first experiment pseudopregnancy was induced in 17 multi-
parous rabbits with 100 I.U. of HCG via the marginal ear vein. Ten days 
after HCG treatment the animals were anesthetized with sodium pento­
barbital (30 mg./kg.) and ether. The left external jugular vein and 
the right common carotid artery were exposed. The carotid artery was 
cannulated (vinyl tube, 54.5 cm. long, 0.15 cm. i.d.). The vinyl tube 
was connected to a blood fraction collector (Rothe and Sapirstein, 1954). 
A tuberculin syringe fitted with a 23 gauge needle was used to inject 
50jic. of a 0.85 percent saline solution of Rb^^Cl (Oak Ridge National 
Laboratories) into the jugular vein. A volume of 0.2 to 0.5 ml. was in­
jected in a time of 1 sec. or less. Simultaneously, blood samples were 
collected (11 rabbits) from the carotid artery (1 sample /sec.). The 
rabbits were killed by transecting the thoracic aorta with a sharp knife 
at time intervals of 7.5, 15 and 30 sec. after the injection of the isotope. 
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The ovaries were weighed, and the blood and tissue samples were counted 
in a gamma-well scintillation counter (Packard Instrument Company, Inc.). 
Standard solutions of Rb^^ were counted along with the samples. The 
relative radioactivity of the organ was determined by comparing sample 
counting rate with the total counting rate of Rb^^ injected. Cardiac 
output was calculated by the procedure of Lewis (1953). 
In two other experiments one of the oviducts in 30 virgin rabbits 
was tied off with a silk thread midway along the duct. After a recovery 
period of about a week, the animals were mated. The day of mating was 
designated day 0. Initially, rabbits were killed at 15, 20 and 25 days 
of pregnancy (6 animals/group) using the Rb^^ technique.' Later addi­
tional rabbits were killed at 5 and 10 days of pregnancy (6 animals/ 
group). Three animals which were pregnant in the left uterine horn and 
three animals which were pregnant in the right uterine horn were randomly 
allotted to each group. The results of the two experiments were combined 
for statistical analysis. 
The anesthetized rabbits were killed 15 sec. after the injection of 
50 jic. of Rb^^ via the marginal ear vein. The ovaries were removed im­
mediately and chilled on ice. The corpora lutea and the ovaries minus 
the corpora lutea were weighed. The corpora lutea and ovaries minus 
corpora lutea were stored in 2-3 ml. of 95 percent ethanol at -18 C for 
radioactive counting and then stored in 15 ml. of 95 percent ethanol until 
chemically assayed for progestins. Blood flow values were obtained by 
multiplying the relative radioactivity of the organ by the cardiac output 
(average value obtained from 19 rabbits in preliminary experiments). 
Progesterone and 20c<-hydroxypregn-4-en-3-one in ovaries and corpora 
lutea were extracted by the procedure of Duncan £t al. (1960), Tissue 
extracts were dissolved in benzene-dichloromethane (1:1), and applied to 
thin layer plates (0.25 mm) of silica gel G. The plates were chromato-
graphed in n-hexane-ethyl acetate (5:2) and then in dichloromethane-ether 
(5:2) as described by Armstrong £t al^. (1964). 
Authentic progesterone and 20aC-hydroxypregn-4-en-3-one were chromato-
graphed on each plate to locate sample progestins. With ovarian extracts 
the areas containing progesterone and 20oL-hydroxypregn-4-en-3-one were 
identified by ultraviolet light and then removed. A blank consisting of 
silica gel was scraped from a separate plate chromatographed in the same 
solvents. After elution with ethanol, the absorbancy of progesterone and 
20<x -hydroxypregn-4-en-3-one was determined in a Beckman DU spectrophoto­
meter at 230, 240 and 250 ly. Since equal concentrations of progesterone 
and 20 oC-hydroxypregn-4-en-3-one gave nearly identical readings, a stand­
ard curve was prepared from the absorbancy readings of authentic proges­
terone. Concentrations of ovarian progestins were estimated using Allen's 
(1950) equation. 
The corpora lutea extracts were chromatographed similarly, but the 
concentration of progesterone and 20oC-hydroxypregn-4-en-3-one were de­
termined by gas chromatography. The gas chromatograph (Model 402, F & M 
Scientific Co.) was equipped with a hydrogen flame ionization detector. 
U-shaped pyrex glass columns (^ inch i.d. and 4 feet long) packed with 
3.8 percent SE-30 on 80-100 mesh Dlatoport S (F & M Scientific Co.) were 
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used. The column temperature was maintained at 240 C for 20ot-hydroxy-
pregn-4-en-3-one determination and 245 C for progesterone determination. 
The detector and flash heater temperatures were 275 C and 290 C, re­
spectively. Inlet gas flow rates were helium at 50 ml./rain., hydrogen 
at 22 ml./min. and air at 210 ml./min. An appropriate amount of a solu­
tion of cholesterol (0.4^g./ 25 yX. of acetone) was added to each sample 
as an internal standard. A 25 yil. aliquot was dried in a solid injector 
prior to placement in the column. The areas of the cholesterol and pro­
gestin peaks were determined by multiplying the peak height times the 
width at one-half the peak height. The quantities of progesterone and 
20ct-hydroxypregn-4-en-3-one were estimated from a linear regression line 
obtained from a standard curve. The standard curve was prepared by 
chromatographing authentic progestins in quantities ranging from 0.10 to 
0.40yig. with 0.40 jig. of chlolesterol (in 25 yil. acetone). 
In a final experiment 10 pregnant rabbits, having one nongravid 
uterine horn, were used to compare possible differences between ovaries 
in the secretion of progestins in the ovarian venous blood. Ovarian 
venous blood from two rabbits in each group (one pregnant in the left 
and the other pregnant in the right uterine horn) was collected at days 
5, 10, 15 and 25 (1000 I.U. heparin iv before collection). Ovarian venous 
blood (10 ml.) was collected first (PE 90 polyethylene tube, 15 cm. long) 
from the right ovary and then from the left ovary. The blood samples 
were cooled with ice during collection and then frozen (-18C). The corpora 
lutea and ovary minus corpora lutea were weighed and stored in 95 percent 
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ethanol (-18 C) for progestin determinations. 
Ovarian venous blood was diluted 2 times (5N NaOH was added, 0.5 
percent in diluted blood) and extracted 4 times with ethyl ether (volume 
equal to 2 times volume of diluted blood). The combined extract was washed 
3 times with H^O, 10 percent by volume. Further extraction procedures 
were described by Hashimoto and Suzuki (1966). The residue obtained from 
the ether extract was dissolved in 30 ml. n-heptane and extracted 5 times 
with 10 ml. of 70 percent aqueous methanol. The combined methanol extract 
was concentrated to 2-3 ml., diluted with 15 ml. H^O and then extracted 5 
times with an equal volume of ethylene dichloride. The extract was dehy­
drated with anhydrous sodium sulfate, evaporated and chromatographed by 
thin layer and gas chromatography as previously described. 
Recovery of each progesterone sample was determined by the addition 
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of progesterone-7H (0.043jic, equivalent to 0.0013 pg.). Percent 
recovery for luteal, ovarian and blood samples was (mean and standard 
error) 75.4 + 1.7 for 80 samples, 85.2 + 1.0 for 77 samples and 75.3 + 
0.8 for 20 samples, respectively. Recovery for 20oL-hydroxypregn-4-en-
3-one samples was determined by the addition of 20oL-hydroxypregn-4-en-
3 3-one-7d. H (0.017yic. equivalent to 0.0096 pg.). Recovery for 20ot-hy-
droxypregn-4-en-3-one was not determined on all samples. Percent recovery 
for luteal, ovarian and blood samples was (mean and standard error) 68.9 
+2.5 for 38 samples, 88.3 + 1.3 for 37 samples and 77.5 + 1.0 for 20 
samples, respectively. Each progestin sample was corrected for recovery. 
If the recovery for 20o<—hydroxypregn-4-en-3-one was not determined, the 
recovery for progesterone on that sample was used. 
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By pooling the individual samples, approximately 0.25 mg. of proges­
terone and 0.75 mg. of 20®^-hydroxypregn-4-en-3-one were available for 
further identification. Infrared absorption spectra (Beckman DU) were 
determined on both of the isolated progestins. The progestins were dis­
solved in chloroform. The two isolated progestins exhibited the same 
absorption spectra as authentic progesterone and 20«<--hydroxypregn-4-en-
3-one. Ultraviolet spectra, chromatographic mobilities on silica gel 
plates and relative retention time on SE-30 columns were identical with 
those of authentic progesterone and 20 o'--hydroxypregn-4-en-3-one. 
The data were analyzed by analysis of variance. Covariance analysis 
was used when missing values were present. Comparison among treatment 
means were made using the Student-Neuman-Keuls procedure (Keuls, 1952). 
Statements in all experiments regarding significance were referred to 
as significant (P<0.05) or highly significant (P/LO.Ol). 
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RESULTS AND DISCUSSION 
86 
Preliminary investigations indicated that the indicator Rb was 
suitable for determining ovarian blood flow and cardiac output in rabbits. 
Cardiac output in 19 rabbits (3.65 + 0.07 kg.) was 449 + 13 ml./min. (mean 
and standard error). This value was in general agreement with others found 
in the literature (Korner and Smith, 1954; Edwards et_ al., 1959; Gumming 
and Nutt, 1962; Grunert et al^., 1963). This average value of cardiac 
output was used in succeeding experiments for calculation of organ blood 
flow. The percentage of cardiac output perfusing the pseudopregnant rab­
bit ovary 7.5, 15 and 30 sec. following the injection of Rb^^ are presented 
in Table 10. There were no significant differences in the percentage of 
cardiac output perfusing the ovary for 30 sec. after injection of Rb^^. 
However, there was a significant difference in the percentage perfusing 
the left and right ovary. This apparent difference was controlled in the 
Table 10. Percentage of cardiac output perfusingnt rabbit 
ovary at different times after the injection ot Kb 
Percentage of cardiac output 
Time Animals Left ovary Right ovary 
sec. no. %/gm. %/gm. 
0.214 
0.208 
0.205 
7.5 
15.0 
30.0 
6 
6 
5 
0.190 
0.195 
0.192 
Residual mean square 0.00359 0.00284 
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succeeding experiments by a statistical procedure; equal numbers of an­
imals in each group vere pregnant in the left or right uterine horn. The 
inherent variation due to ovaries could then be controlled (randomized 
block design). The above experiment indicated that 15 sec. after injec­
tion of Rb^^ would be an appropriate time for killing rabbits for blood 
flow studies. 
Tiie experimental results in the unilaterally pregnant rabbit with 
one nongravid horn (Table 11) indicated no significant differences in 
any of the parameters investigated between the ovary ipsilateral to the 
gravid horn as compared with the contralateral ovary. The parameters 
investigated were 20o'--hydroxypregn-4-en-3-one and progesterone concen­
tration in the corpora lutea, ovary minus corpora lutea and ovarian 
venous blood; blood flow in the corpora lutea and ovary minus corpora 
lutea or weight of corpora lutea and the ovary minus corpora lutea. Like­
wise, Hunter and Casida (1967) found that mean weights of corpora lutea 
in the two ovaries' were similar in rabbits with one gravid horn and/or 
one nongravid horn. Observations in each rabbit were then averaged; means 
of each group were then compared to evaluate any general effects in both 
ovaries. 
There was a highly significant increase in corpora lutea weight be­
tween days 5 and 10 of pregnancy, the peak being at day 10 with a slight 
but insignificant d^acline thereafter. Ovary minus corpora lutea weight 
showed a similar but more gradual increase in weight throughout the dura­
tion of gestation. Togari (1926) indicated that during early stages of 
Table 11. Ovarian morphology and progestin content of ovaries in rabbits having a gravid and a 
nongravid uterine horn 
I 
Day of pregnancy 
Observation 5 10 15 20 25 
Ovarian weight minus corpora 
lutea, mg. 
P 
NP 
Ave. 
273 
288 
281° 
327 
336 
332 
a,b 
469 
446 
458 
b,c 
527 
576 
522^ 
479 
495 
487 
b,c 
Corpora lutea weight, mg, 
P 
NP 
Ave. 
6.7 15.8 
15 o 8 
15.8 
15.3 
15,6, 
15.5 
14.8 
15.1 
15.0' 
14.2 
14.6 
14.4 
Progesterone in corpora lutea, 
tig./gm. 
P 
NP 
Ave. 
Total, jdg .  
26.39 
20.32 
23.36= 
1.57= 
15.54 
14.94 
15.33 
2.75" 
a,b 
9.42 
8.97. 
9.20 
1.64 
7.90 
8.39. 
8.15 
1.39" 
12.80 
18.84 
15.65 
2.75 
a,b 
a 
Observations are the mean of six animals, except as indicated by numbers in parentheses. 
All means in a rmv with different superscripts are significantly different. 
Abbreviations are NP: nonpregnant side, P: pregnant side, and 20 cC-hydroxypregn-
4-en-^3-one. 
Table 11 (Continued) 
Day of pregnancy 
Observation 5 10 15 20 25 
20 cxL-OHP in corpora lutea, 
ug./gm. 
P 
NP 
Ave. 
Total, ^ g. 
Ratio 20 OC.-0HP to progesterone 
in corpora lutea 
2.68 (5) 
3.59.(2) 
2.88* 
0 .21  
0.13 
3.87 (5) 
lo49 (3) 
3.04 
0.57* 
0.21 
1.78 
1, 
1,  
0.32 
0.20 
a 
4.04 (3) 
1.63 (3) 
3.09 
0.51* 
0.37 
9.57 
8.31,(5) 
8.51% 
1.50^ 
0.55 
Progesterone in ovary minus 
corpora lutea, ^ g./gm. 
P 
NP 
Ave. 
Total, ^ g. 
20 C»c-OHP in ovary minus corpora 
lutea, ug./gm. 
' P 
NP 
Ave. 
Total, j i g .  
14.0 
14.2 
14.1® 
7.8 
27.9 
29.8. 
28.9 
15.8^ 
a 
11.2 
14.1 
1:; 
26 .2  
33.5, 
29.9 
20.5 
a,b 
16.5 
13.3, 
14.9 
12.2 a,b 
44.7 
38.9 
43.5" 
37.8^ 
15.6 
17.9,(5) 
16.6* 
17.2^ 
35.7 
39.6 
37.6" 
39.6^ 
17.4 
12.2 (5) 
34.0 
31.7, 
32.9 
51.8 
b.c 
Table 11 (Continued) 
Day of pregnancy 
Observation 5 10 15 20 25 
16.0* 21.1*'^ 38.1^ 40.1^ 33.3^'C 
19.4^ 
Ratio 20 OC-OHP to progesterone in 2.04^ 2.36^ 2.91^ 2,26^ 1.96* 
ovary minus corpora lutea 
Total 20 O&-0HP in ovaries, jig. 
Total progesterone in ovaries, yig. 9.3* 11.0* 13.8**^ 18.6^'^ io 6 ,0 
Ratio 20 oc -OHP to progesterone 1,72 1.92 2.76 2c02 1.72 
in ovaries 
Total progestins in ovaries, jig. 25.3* 32.1* 51.9^ 58.7^ 52,7^ 
Blood flow to corpora lutea, 
ml./min./gm. 
P 1.10 1.28 (5) 0.94 0.92 0.77 
NP 1.12 1.21 (5) 0.96 0.93 0.82 
Ave. 1.11 1.25 (5) 0.95 0.93 0.80 
Blood flow to ovary minus corpora 
lutea, ml./min./gm, 
P 0.37 0.46 (5) 0.34 0.43 0.41 
NP 0.36 0.45 (5) 0.33 0.42 0.43 
Ave. 0.37 0.46 0.34 0.43 0.42 
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development of rabbit corpora lutea there was a marked increase in weight 
due to hyperplasia and hypertrophy. Hafez et al^. (1965) indicated that 
the combined weight of the two ovaries in white New Zealand rabbits in­
creased from 0.43 gm. at day 4 post-coitus to 0.65 gm. at 20 days. 
Luteal progesterone concentration was significantly higher at day 
5 of pregnancy as compared with later stages. Total progesterone in cor­
pora lutea was similar between days 5 and 25 of pregnancy. There was a 
highly significant increase in the concentration and content of 20oC-hy-
droxypregn-4-en-3-one in the corpora lutea at day 25 as compared with 
earlier stages. Progesterone and 20oC-hydroxypregn-4-en-3-one concen­
trations in the ovary minus corpora lutea were not significantly differ­
ent, whereas total progesterone and 20<%—hydroxypregn-4-en-3-one increased 
significantly during the course of pregnancy. 
Blood flow in the corpora lutea per unit of tissue was highest at 
days 5 and 10 of pregnancy, however, there was a highly significant de­
crease during the later stages of pregnancy. Blood flow per unit of tissue 
to the ovary minus corpora lutea was similar at all stages of pregnancy. 
Deanesly and Parkes (1931) observed a change in the vascularity of the 
corpora lutea about midterm in the rabbit. The corpora lutea became pale 
and partially collapsed. 
The ratio of 20oL-hydroxypregn-4-en-3-one to progesterone was much 
higher in the ovary minus the corpora lutea than in the corpora lutea. 
These ratios indicated that 20<X.-hydroxypregn-4-en-3-one was secreted in 
much larger quantities from the ovary minus the corpora lutea than from 
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the corpora lutea. Comparison of the total amounts of the two steroids 
in the ovary minus the corpora lutea and the corpora lutea suggested that 
the former may be the major source of both hormones. Increased blood flow 
to the corpora lutea during earlier pregnancy may indicate that progestin 
synthesis was higher in the corpora lutea at this time. Hafez et al. 
(1965) analyzed the entire rabbit ovary during pregnancy and found that 
the levels of 20<5C-hydroxypregn-4-en-3-one were 2-5 times those of pro­
gesterone. 
Ovariectomy at any stage of pregnancy in the rabbit will cause ab­
sorption or abortion of the embryos. However, the corpus luteum may not 
be necessary during the last half of pregnancy. Fraenkel (1910) removed 
the corpora lutea in 100 rabbits between days 1 and 14 post-coitus. Preg­
nancy was not observed in any of these animals. Removal of some of the 
corpora lutea in 50 animals resulted in 33 pregnancies. However, removal 
of all the corpora lutea between day 15 and 21 resulted in maintenance of 
pregnancy in 2 animals. Respiration of the corpus luteum was maximum at 
day 7 or 8, the time of implantation (Brouha-Dubuisson, 1942). Respiration 
then decreased gradually. Progesterone can maintain pregnancy in the rab­
bit, but increasing amounts are needed during the last half of pregnancy 
(Courrier and Kehl, 1938; Allen and Heckel, 1939). 
The concentration of progestins in the ovarian venous blood from the 
ovary ipsilateral to the gravid uterine horn were similar to those from 
the contralateral ovary. Concentration of progestins in the ovarian venous 
blood tend to be higher toward the end of pregnancy (Table 12). Mikhail 
et al. (1961) found that progesterone levels in ovarian venous blood were 
Table 12. Progestins in ovarian venous blood and ovaries of rabbits having a gravid and a nongravid 
uterine horn 
Day of pregnancy 
Observation 
10 15 20 25 
20o^-0HP in ovarian venous blood, 0.71^ 0.67* 0.74* 3.90* 1.28* 
./ml. 
Progesterone in ovarian venous blood, 0.23 0.29 0.29 0.71 0.39 
y.%. /ml. 
Ratio 20OC-0HP to progesterone in ovarian 3.09 2.31 2.55 5.49 3.28 
venous blood 
20oc-OHP in ovary minus corpora lutea, 36.7 22.4 27.4 68.1 69.4 
^g./gm. 
Progesterone in ovary minus corpora 11.7 18.4 11.0 33.1 12.4 
lutea, ^ g./gm. 
Ratio 20c<-OHP to progesterone in ovary 3.14 1.22 2.49 2.06 5.60 
minus corpora lutea 
2O0C-OHP in corpora lutea, ^ g./gm. 24.84 20.79 3.79 25.48 16.12 
Progesterone in corpora lutea, ^ g./gm. 27.22 29.53 41.17 51.54 57.48 
Ratio 20cx:-OHP to progesterone in 
corpora lutea 0.91 0.70 0.09 0.49 0.28 
*Mean of tifo animals. 
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highest at day 16 of pregnancy. However, Hafez e^ al. (1965) found no 
correlation between the stage of pregnancy and the levels of 20oC-hydroxy-
pregn-4-en-3-one and progesterone in the ovarian venous blood. The ratio 
of 20oC-hydroxypregn-4-en-3-one to progesterone in the ovarian venous 
blood was similar to that found in the ovary minus the corpora lutea. 
The concentrations of progestins in the ovary minus corpora lutea and 
the corpora lutea were different from those observed in the previous ex­
periment (Table 11). These differences are probably due to the exper­
imental procedure (manipulation of ovary, cannulation of vein). 
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SUMMARY 
In these investigations blood flow to the ovaries and cardiac out­
put in the rabbit were determined using the radioisotope Rb^^Cl. Pro­
gesterone and 20ot.-hydroxypregn-4-en-3-one were chemically determined 
by ultraviolet spectrophotometry and gas chromatography. Preliminary 
investigations in the pseudopregnant rabbit indicated that the radio­
isotope technique was applicable to the study of ovarian blood flow. In 
pregnant rabbits, having a gravid and a nongravid uterine horn, corpora 
lutea weight, ovary minus corpora lutea weight, progestin content of the 
ovary and blood flow to the ovary and corpora lutea were similar in the 
two ovaries between days 5 and 25 of pregnancy. The ratio of 20OC-hy-
droxypregn-4-en-3-one to progesterone was higher in the ovary minus 
corpora lutea than in the corpora lutea. The ratio of 20oc-hydroxypregn-
4-en-3-one to progenterone in ovarian venous blood was similar to that 
in the ovary minus corpora lutea. These results suggest that the ovaries 
have a similar- function in rabbits having both a gravid and a nongravid 
uterine horn. 
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APPENDIX 
Table 13. Analysis of variance for blood flow rates in organs of the immature pig at different time 
intervals after, injection ©f indicator 
Spleen Lungs Heart Liver 
Source d.f. Mean square F Mean square - F Mean square F Mean square F 
Time 3 0.0077 0.43 0.4187 17.23 0.0405 0.35 0.0098 0,72 
Error 16 0.0085 0.0243 0.1156 0.0137 
Table 13. (Continued) 
Kidneys Semimembranous muscle Tongue Adrenals 
Mean square F Mean square F Mean square F Mean square F 
1.6604 3.50 0.00039 2.35 0.00279 7.03 0.0338 0.70 
0.3031 0.00016 0.00040 (15)* 0.0485 (4)* 
^The number in parenthesis is the degrees of freedom when different from 16. 
Table 13. (Continued) 
Source Testicles 
Mean square F 
Ovaries Uterus 
Mean square F Mean square F 
Time 
Error 
0.5917 0.27 
2.2142 (4)* 
0.0066 0.83 
0.0080 (8)'  
0.8151 8.41 
0.1211 (8)* 
Table 13. (Continued) 
Uterine body Uterine cervix 
Mean square F Mean square F 
0.0478 3.08 
0.0155 (8)* 
0.0023 0.92 
0.0025 (7)* 
Table 14. Analysis of variance of blood flow rates in thyroid, adrenal and anterior lobe of 
pituitary in the pig (unweighted squares of means) 
Source d.f. 
Anterior lobe (pituitary) 
Mean square F 
Left adrenal 
Mean square F 
Thyroid 
Mean square F 
Day after estrus (D) 3 
Reproductive state (R) 2 
D X R 6 
Error 15 
0.0018 
0.0375 
0.0199 
0.0158 
0.11  
2.37 
1 . 2 6  
0.0171 
0.0938 
0.0129 
0.0517 
0.33 
1 .81  
0:25 
0.0026 
0.0029 
0.0022 
0.0046 
0.57 
0.63 
0.48 
Table 15. Analysis of variance of blood flow in corpora lutea from the left and right ovaries in 
the pig 
Source 
d.f. 
Subclass 11 
Day after estrus (D) 3 
elim. R 
Reproductive state (R) 2 
elim. D 
D X R 6 
Error 15 
Difference in flow rates 
in left and right corpora 
lutea 
Mean square F 
0.016049 
0.012845 
2.38 
1.90 
0.025804 3.82 
0.014399 2.13 
0.006747 
Total blood flow per 
left corpora lutea 
Mean square F 
0.04626 
0.08653 
2 . 0 2  
3.78 
0.01145 0.50 
0.03745 1.64 
0.02289 
Total blood flow 
per right corpora 
lutea 
Mean square F 
0.06338 
0.16167 
0.0072 
1.58 
4.03 
0.18 
0.03285 0.82 
0.04007 
Table 16. Analysis of variance of differences in progestin concentrations and blood flow rates in 
the ovaries ipsilateral and contralateral to the gravid uterine horn in the rabbit 
20-Hydroxypregn-4-en-3-one Progesterone in ovaries 
in ovaries minus corpora lutea minus corpora lutea 
Source d.f. Mean square F Mean square F 
Block 1 136.11 1.08 
Day of pregnancy 4 149.27 0.80 33.09 0.90 
Error 24 185.95 36.72 (23)* 
Table 16 (Continued) 
Progesterone gn 
corpora lutea 
Blood fImf rates in 
corpora lutea 
Blood flow rates in 
ovaries minus corpora lutea 
Mean square F Mean square F Mean square F 
9.67 0.00850 0.00190 
104.70 1.68 0.01050 1.15 0.00058 0.24 
62.47 0.00911 (23)* 0.00241 (23)* 
*The number in parenthesis is the degrees of freedom for error. Because of missing values, 
covariance analysis was used. 
^Differences in 20 OC -hydroxypregn-4-en-3-one concentration in the corpora lutea were not analyzed 
because of many missing values. Data that were complete indicated no significant differences. 
